RESPONSE TO RESTRICTION REQUIREMENT Page 2 

Serial Number: 09/945507 Dkt: 1303.014US1 

Filing Dale: August 30, 2001 

Title: FLASH MEMORY WITH LOW TUNNEL BARRIER 1NTERPOLY INSULATORS 



IN THE CLAIMS 



1 . (Ontginal) A floating gate transistor, comprising: 
a firsrVsource/drain region and a second source/drain region separated by a channel region 

in a substrate; 

a floatingWe opposing the channel region and separated therefrom by a gate oxide; 
a control gate opposing the floating gate; and 

wherein the control gate is separated from the floating gate by a low tunnel barrier 
intergate insulator. 

2. (Original) The floating gate transistor of claim 1, wherein the low tunnel barrier intergate 
insulator includes a metal oxide insulator selected from the group consisting of lead oxide (PbO) 
and aluminum oxide (AI 2 0 3 ). 




3. (Original) The floating gate transistor of claim 1, wherein the low tunnel barrier intergate 
insulator includes a transition metal oxide^ 

4. (Original) The floating gate transistor of claim 3, wherein the transition metal oxide is 
selected from the group consisting of Ta^, Ti0 2 , Zr0 2 , and Nb 2 0 5 . 



5. (Original) The floating gate transistor ofvclaim 1, wherein the low tunnel barrier intergate 
insulator includes a Perovskite oxide tunnel barrier^ 



6. (Original) The floating gate transistor of claim^l, wherein the floating gate includes a 
polysilicon floating gate hi 
barrier intergate insulator. 



polysilicon floating gate having a metal layer formed thereon in contact with the low tunnel 




7. (Currently Amended) The floating gate transistor of claim 5 6, wherein the control gate 
includes a polysilicon control gate having a metal layer formed thereon in contact with the low 
tunnel barrier intergate insulator. 
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8. (Original)\he floating gate transistor of claim 1 , wherein the floating gate transistor 
includes an n-channe\ type floating gate transistor. 



9. (Original) A vertical non volatile memory cell, comprising: 
a first source/drainvregion formed on a substrate; 

a body region including a channel region formed on the first source/drain region; 
a second source/drairfiregion formed on the body region; 

a floating gate opposing the channel region and separated therefrom by a gate oxide; 
a control gate opposing the floating gate; and 



wherein the control gate is^separated from the floating gate by a low tunnel barrier 
intergate insulator. 




10. (Currently Amended) The vertical non volatile memory cell of claim % 9, wherein the 
low tunnel barrier intergate insulator includes a metal oxide insulator selected from the group 
consisting of PbO, Al 2 0 3 > Ta^, TiQ 2 , Zrb 2 , and Nb 2 O s . - ^ 9 ^ 



UV.UI K+**~~ -l*c^~*~ 
1 1 . (Currently Amended) The vertical ffon volatile memory cell of claim S 9, wherein the 

% 

floating gate includes a polysilicon floating gate having a metal layer formed thereon in contact 
with the low tunnel barrier intergate insulator. 




12. (Currently Amended) The vertical non volatile memory cell of claim 4G U, wherein the 
control gate includes a polysilicon control gate having a metal layer formed thereon in contact 
with the low tunnel barrier intergate insulator. 




13. (Currently Amended) The vertical non volatile memory cell of claim S 9, wherein the 
floating gate includes a vertical floating gate formed alongside of the body region. 



14. (Currently Amended) The vertical non volatile memoryAcell of claim 45 J_3, wherein the 
control gate includes a vertical control gate formed alongside of the vertical floating gate. 
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15. (Currently Arrtended) The vertical non volatile memory cell of claim 8 9, wherein the 
floating gate includes a>horizontally oriented floating gate formed alongside of the body region. 

16. (Currently Amended) The vertical non volatile memory cell of claim 44 15, wherein the 

control gate includes a horizontally oriented control gate formed above the horizontally oriented 

\ 

floating gate. ^ 



17. (Original) A non-volatile^ memory cell, comprising: 

a first source/drain region and a second source/drain region separated by a channel region 
in a substrate; \ 

a polysilicon floating gate opposing the channel region and separated therefrom by a gate 
oxide; \^ 

a first metal layer formed on the^polysilicon floating gate; 



a metal oxide intergate insulator farmed on the v metal layer; 
a second metal layer formed on thevmetal oxide intergate ins 
a polysilicon control gate formed on\he second metal layer. 



1 8. (Currently Amended) The non-volatileVemory cell of claim 46 17, wherein first and the 
second metal layers are lead and the metal oxideWergate insulator is lead oxide (PbO). 



19. (Currently Amended) The non-volatile memory cell of claim 46 17, wherein the first and 
second metal layer are aluminum and the metal oxide\ntergate insulator is aluminum oxide 

(A1 2 0 3 ). \ 

20. (Currently Amended) The non- volatile memory eel] of claim 46 17, wherein the first and 
the second metal layers include transition metal layers and tr\$ metal oxide intergate insulator 

includes a transition metal oxide intergate insulator. \ 

\ 

\\ 

2 1 . (Currently Amended) The non-volatile memory cell of claim 49 20, wherein the 
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transition metal oxide is selected from the group consisting of T^O,, Ti0 2 , Zr0 2 , and Nb 2 O v 



22. (Currently Appended) The non-volatile memory cell of claim 49 20, wherein the metal 
oxide intergate insulator includes a Perovskite oxide intergate insulator. 

23. (Currently Amended) The non- volatile memory cell of claim 46 J_7, wherein the floating 
gate transistor includes a veMical floating gate transistor. 

24. (Original)^ flash memory array, comprising: 

a number onnon-volatile memory cells, wherein each non-volatile memory cell includes: 
a first\ource/drain region and a second source/drain region separated by a channel 
?gion; 

a floating^gate opposing the channel region and separated therefrom by a gate 
oxule; 

a control gataopposing the floating gate; and 

wherein the control gate is separated from the floating gate by a low tunnel barrier 
intergate\nsulator; 

a number of sourcelines ^ipled to the first source/drain regions along a first selected 
direction in the flaJhfeaemory array* 

a number on^©ntrol gate linesVroupled to the control gates along a second selected 
direction in the flasfiinemory array; an^ 

a number of bitlines coupled to tfie second source/drain regions along a third selected 
direction in the flash memory array. 




25. (Currently Amended) The flash memory array of claim 22 24, wherein the low tunnel 
barrier intergate insulator includes a metal oxide^insulator selected from the group consisting of 
PbO, A1 2 0 3 , T^O,, Ti0 2 , Zr0 2 , and Nb 2 O v 

26. (Currently Amended) The flash memory arra\ of claim 32 24, wherein the floating gate 
includes a polysilicon floating gate having a metal Iaye\formed thereon in contact with the low 
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tunnel barrier intergate insulator. 



27. (Currently Amended) The flash memory array of claim 33 24, wherein the control gate 
includes a polysilicon control gate having a metal layer formed thereon in contact with the low 
tunnel barrier infergate insulator. 

28. (Currently Amended) The flash memory array of claim 33 24, wherein the second 
selected direction and tt^e third selected direction are parallel to one another and orthogonal to the 
first selected direction, and wherein the number of control gate lines serve as address lines. 

\ 

29. (Currently Amended) Vhe flash memory array of claim 33 24, wherein the first selected 
direction and the third selected direction are parallel to one another and orthogonal to the second 
selected direction, and wherein trie number of control gate lines serve as address lines. 



30. (Currently Amended) The flash memory array of claim 33 24, wherein the first selected 

rv \ 

direction and the secpnoselected direction are parallel to one another and orthogonal to the third 
selected direction, angQvhqrein the number*of bitlines serve as address lines. 

3 1 . (Original) An array of flash memory cells, comprising: 
a number of pillars extending outwardly from a substrate, wherein each pillar includes a 

first source/drain region, a body region, and a second source/drain region; 

a number of floating gates opposing the bodwegions in the number of pillars and 
separated therefrom by a gate oxide; 

a number of control gates opposing the floating gates; 

a number of buried sourcelines disposed below the^number of pillars and coupled to the 



first source/drain regions along a first selected direction in the array of memory cells; 

a number of control gate lines formed integrally with thAnumber of control gates along a 
second selected direction in the array of flash memory cells, wherein the number of control gates 
are separated from the floating gates by a low tunnel barrier intergatejnsulator; and 

a number of bitlines coupled to the second source/drain regionsNalong a third selected 
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direction in the array of flash cells. 



32. (Currently Amended) The array of flash memory cells of claim 39 31 , wherein the low 
tunnel barrier ltotergate insulator includes a metal oxide insulator selected from the group 
consisting of Pb\ A1 2 0 3 , Taft, Ti0 2 , Zr0 2 , and Nb 2 0 5 . 

33. (Currently Amended) The array of flash memory cells of claim 39 31, wherein each 

floating gate includes apolysilicon floating gate having a metal layer formed thereon in contact 

\ 

with the low tunnel barrier intergate insulator. 

34. (Currently Amended)\rhe array of flash memory cells of claim 39 31, wherein each 

control gate includes a polysilicon control gate having a metal layer formed thereon in contact 

\ 

with the low tunnel barrier intergate insulator. 



35. (Currently Amended) The array of flash memory cells of claim 39 31, wherein each 
floating gate is a verticaPflbating gate formed in a trench below a top surface of each pillar such 
that each trench houses Mplir of floating gates opposing the body regions in adjacent pillars on 
opposing sides of the trench. 

36. (Currently Amended) The array of flashVnemory cells of claim 33 35, wherein the 

plurality of control gate lines are formed in the trench below the top surface of the pillar and 

\ 

between the pair of floating gates, wherein each pair^of floating gates shares a single control gate 
line, and wherein each floating gate includes a vertically oriented floating gate having a vertical 
length of less than 100 nanometers. 

H 

37. (Currently Amended) The array of flash memory cells of claim 33 35, wherein the 
plurality of control gate lines are formed in the trench below the top surface of the pillar and 
between the pair of floating gates such that each trench houses a pair of control gate lines each 
addressing the floating gates one on opposing sides of the trench respectively, and wherein the 
pair of control gate lines are separated by an insulator layer. 
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38. (Currently Amended) The array of flash memory cells of claim 33 35, wherein the 
plurality of control gate lines are disposed vertically above the floating gates, and wherein each 
pair of floating gates shares a single control gate line. 



39. (Currently Amended) The array of flash memory cells of claim 33 35, wherein the 
plurality of control gate lines are disposed vertically above the floating gates, and wherein each 
one of the pair of floating gates is addressed by an independent one of the plurality of control 
gate lines. 




40. (Currently Amended) TheVray of flash memory cells of claim 29 31, wherein each 
floating gate is a horizontally oriented floating gate formed in a trench below a top surface of 
each pillar such that each trench houses^ floating gate opposing the body regions in adjacent 
pillars on opposing sides of the trench, and wherein each horizontally oriented floating gate has a 
vertical length of less than lj^O nanometers^opposing the body region of the pillars. 

\ 

4 1 . (Currently Amended)! 'She array of flash memory cells of claim 38 40, wherein the 

Jr X\ 

plurality of control gate HneS^re disposed vertically above the floating gates. 




42. (Original) An electronic system, comprising:^ 
{ a processor; and 

a memory device coupled to the processor, wherein the memory device includes an array 
of flash memory cells, comprising: ^\ 

a number of pillars extending outwardly from^asubstrate, wherein each pillar 
includes a first source/drain region, a body region, and a second 
source/drain region; \^ 
a number of floating gates opposing the body regions^in the number of pillars and 

separated therefrom by a gate oxide; 
a number of control gates opposing the floating gates; 
a number of buried sourcelines disposed below the number^of pillars and coupled 
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to the first source/drain regions along a first selected direction in the array 
of memory cells; 

a number of control gate lines formed integrally with the number of control gates 
\ along a second selected direction in the array of flash memory cells, 
wherein the number of control gates are separated from the floating gates 
by\a low tunnel barrier intergate insulator; and 
a number outlines coupled to the second source/drain regions along a third 
selected direction in the array of flash cells. 



43. (Currently Amended) The electronic system of claim 49 42, wherein the low tunnel 
barrier intergate insulator includes^ metal oxide insulator selected from the group consisting of 
PbO, A1 2 0 3 , Tap,, Ti0 2 , Zr0 2 , and Nb 2 0 5 . 



44. (Currently Amended) The electronic system of claim 49 42, wherein each floating gate 
includes a polysilicon floatinglgate having a metal layer formed thereon in contact with the low 
tunnel barrier intergate insulate ^ 



45. (Currently Amended) The electronic system of claim 49 42, wherein each control gate 
includes a polysilicon control gate having a metal layer formed thereon in contact with the low 
tunnel barrier intergate insulator. 



46. (Currently Amended) The electronic systeirnof claim 49 42, wherein each floating gate is 
a vertical floating gate formed in a trench below a top\surface of each pillar such that each trench 
houses a pair of floating gates opposing the body regions in adjacent pillars on opposing sides of 
the trench. 

47. (Currently Amended) The electronic system of claim. -44- 46, wherein the plurality of 
control gate lines are formed in the trench below the top surface of the pillar and between the pair 
of floating gates, wherein each pair of floating gates shares a single control gate line, and wherein 
each floating gate includes a vertically oriented floating gate having a vertical length of less than 
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100 nanometers. 



48. (Currently Amended) The electronic system of claim -44- 46, wherein the plurality of 
control gate lines are formed in the trench below the top surface of the pillar and between the pair 
of floating gates sucilthat each trench houses a pair of control gate lines each addressing the 
floating gates one on opposing sides of the trench respectively, and wherein the pair of control 
gate lines are separated bVan insulator layer. 

49. (Currently Amended)\The electronic system of claim -44- 46, wherein the plurality of 
control gate lines are disposed\^ertically above the floating gates, and wherein each pair of 
floating gates shares a single control gate line. 



50. (Currently Amended) The electronic system of claim -44- 46, wherein the plurality of 
control gate lines are disposed vertically above the floating gates, and wherein each one of the 
pair of floating gates is addressed by an independent one of the plurality of control lines. 



5 1 . (Currently Amended) The electronic system of claim 40 42, wherein each floating gate is 
a horizontally oriented floating gate formed^in a trench below a top surface of each pillar such 
that each trench houses a floating gate opposing the body regions in adjacent pillars on opposing 
sides of the trench, and wherein each horizontally oriented floating gate has a vertical length of 
less than 100 nanometers opposing the body region of the pillars. 



52. (Currently Amended) The electronic system of claim 49 51, wherein the plurality of 
control gate lines are disposed vertically above the floating gates. 



53. (Original) A method of forming a floating gate transistor, comprising: 

forming a first source/drain region and a second source/drain region separated by a 

channel region in a substrate; \ 

forming a floating gate opposing the channel region and separated therefrom by a gate 

oxide; 
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forming a^pntrol gate opposing the floating gate; and 

forming a lo\ tunnel barrier intergate insulator to separate the control gate from the 
floating gate. 

54. (Currently Amended) The method of claim $± 53, wherein forming the low tunnel barrier 



intergate insulator includes farming a metal oxide insulator selected from the group consisting of 
lead oxide (PbO) and aluminium oxide (A1 2 0 3 ). 



55. (Currently Amended) The method of claim #1 53, wherein forming the low tunnel barrier 
intergate insulator includes forming a transition metal oxide insulator. 



56. (Currently Amended) The method of claim 53 55, wherein forming the transition metal 
oxide insulator includes forming the transition metal oxide insulator selected from the group 



consisting of T^Oj, Ti0a%ZrO 2 , and Nb 2 0 5 . 




57. (Currently Amended) The method of claim £4- 53 , wherein forming the floating gate 
includes forming a polysilicon floating gate laying a metal layer formed thereon in contact with 
the low tunnel barrier intergate insulator. 




58. (Currently Amended) The method of clainv#4- 53, wherein forming the control gate 
includes a forming a polysilicon control gate having^a metal layer formed thereon in contact with 
the low tunnel barrier intergate insulator. 




59. (Original) A method for forming an array of flash^memory cells, comprising: 

forming a number of pillars extending outwardly from a substrate, wherein each pillar 

includes a first source/drain region, a body region, and a second source/drain region; 

\\ 

forming a number of floating gates opposing the body regions in the number of pillars 
and separated therefrom by a gate oxide; ^ 

forming a number of control gates opposing the floating gates; 

forming a number of buried sourcelines disposed below the number of pillars and coupled 

\ 
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to the first source/drain regions along a first selected direction in the array of memory cells; 

forming aVimber of control gate lines formed integrally with the number of control gates 
along a second selected direction in the array of flash memory cells, wherein the number of 
control gates lines are separated from the floating gates by a low tunnel barrier intergate 
insulator; and 

forming a number ophidines coupled to the second source/drain regions along a third 
selected direction in the arrayW flash cells. 



60. (Currently Amended) The method of claim 57 59, wherein forming the low tunnel barrier 
intergate insulator includes formingya metal oxide insulator selected from the group consisting of 
PbO, A1 2 0 3 , Tap,, Ti0 2 , Zr0 2 , and Nbp 5 . 

\ 

6 1 . (Currently Amended) The methoci of claim 57 59, wherein forming each floating gate 
includes forming a polysilicon floating gatehaving a metal layer formed thereon in contact with 
the low tunnel barrier intergate insulator. \ 

Vi \ 

62. (Currently Amended) TheWethod of claim 57 59, wherein forming each control gate 
includes forming a polysilicon comrol gate having ajnetal layer formed thereon in contact with 
the low tunnel barrier intergate insulator. 




63. (Currently Amended) The method of claim 57 59^wherein forming each floating gate 
includes forming a vertical floating gate in a trench below a top surface of each pillar such that 
each trench houses a pair of floating gates opposing the body^regions in adjacent pillars on 
opposing sides of the trench. 



64. (Currently Amended) The method of claim 64- 63, whereiriWming the plurality of 
control gate lines includes forming each control gate line in the trencVbelow the top surface of 
the pillar and between the pair of floating gates, wherein each pair of floating gates shares a 
single control gate line, and wherein each floating gate includes a vertically oriented floating gate 
having a vertical length of less than 100 nanometers. 
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65. (Currently Amended) The method of claim 64- 63, wherein forming the plurality of 
control gate lines\includes forming a pair of control gate lines in each trench below the top 
surface of the pillanand between the pair of floating gates such that each control gate line 
addresses a floating gate on opposing sides of the trench respectively, and wherein the pair of 

control gate lines are separated by an insulator layer. 

\ 

66. (Currently Amended) The method of claim 6± 63, wherein forming the plurality of 
control gate lines includes forming the control gate lines such that the control gate lines are 
disposed vertically above the floating gates such that each pair of floating gates shares a single 
control gate line. 




67. (Currently Amended) The method of claim 64r 63, wherein forming the plurality of 
control gate lines includes forming th\;ontrol gate lines such that the control gate lines are 
disposed vertically above the floating gates, and forming the plurality of control lines such that 
each one of the pair of floaUn^gates is addressed by an independent one of the plurality of 
control lines. 




68. (Currently AmendedJ^Fhe method of claim %1 59, wherein forming each floating gate 
includes forming a horizontally oriented floating gate in a trench below a top surface of each 
pillar such that each trench houses a floating gate opposing the body regions in adjacent pillars 
on opposite sides of the trench, and wherein each horizontally oriented floating gate has a vertical 
length of less than 100 nanometers opposing the body region of the pillars. 



69. (Currently Amended) The method of claim 66 68, wherein the forming the plurality of 
control gate lines includes forming the control gate lines such^hat the control gate lines are 
disposed vertically above the floating gates. 




70. (Original) A method for operating a non-volatile memory cell comprising: 

\ 

writing to a floating gate of the non-volatile memory cell using channel hot electron 
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injection, wKerein the non-volatile memory cell includes: 

^irst source/drain region and a second source/drain region separated by a channel 

region in a substrate; 
a floating gate opposing the channel region and separated therefrom by a gate 
oxide; 

a control gate opposing the floating gate; and 

wherein the control gate is separated from the floating gate by a low tunnel barrier 
intergate^nsulator; 

erasing charge from the floating gate by tunneling electrons off of the floating gate and 
onto the control gate. \ 



7 1 . (Currently Amended) The method of claim 68 70, wherein erasing charge from the 
floating gate by tunneling electrons off of, the floating gate and onto the control gate further 
includes: \ 

providing a negative voltage to the substrate; and 

providing a largeVppsitive voltage to the. control gate. 



72. (Currently Amended) The method of claimy68 70, wherein the method further includes 
writing to the floating gate by tunneling electrons from the control gate to the floating gate. 



73. (Currently Amended) The method of claim 69 72, wherein writing to the floating gate by 
tunneling electrons from the control gate to the floating gate further includes: 

applying a positive voltage to the substrate; and y 

applying a large negative voltage to the control gate. 




74. (Currently Amended) The method of claim 69 72, wherein^rasing charge from the 
floating gate by tunneling electrons off of the floating gate and onto the control gate includes 
tunneling electrons from the floating gate to the control gate through a^ow tunnel barrier 
intergate insulator. 
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75^ (CurrentlyVmended) The method of claim 72 74, wherein tunneling electrons from the 
floating gate to the control gate through a low tunnel barrier intergate insulator includes tunneling 
electrons from the floating gate to the control gate through a low tunnel barrier intergate insulator 
selected from the group^consisting of PbO, A1 2 0 3 , Tafi^ Ti0 2 , Zr0 2 , and Nb 2 0 5 . 



76. (Currently Amended) The method of claim 32 74, wherein tunneling electrons from the 
floating gate to the control gate through a low tunnel barrier intergate insulator includes tunneling 
electrons from a metal layer forrned on the floating gate in contact with the low tunnel barrier 
intergate insulator to a metal layer formed on the control gate and also in contact with the low 
tunnel barrier intergate insulator. 



77. (Original) A method for operating an array of flash memory cells, comprising: 

writing to one or more floating gates for a number of non- volatile memory cells in the 

V 

array of flash memory cells using channel^hot electron injection, the array of flash memory cells 
includes: | y=\ V> 

a number of pMar|extending^outwardly from a substrate, wherein each pillar 

includes a'first source/drain region, a body region, and a second 

source/drain region; \\ 

a number of floating gates opposing the body regions in the number of pillars and 

\\ 

separated therefrom by a gate^ oxide; 

\\ 

a number of control gates opposing the^floating gates; 

\\ 

a number of buried sourcelines disposed v below the number of pillars and coupled 
to the first source/drain regions along a first selected direction in the array 
of memory cells; 



a number of control gate lines formed integraljy with the number of control gates 

along a second selected direction in thelarray of flash memory cells, 

\ 

wherein the number of control gates lines\are separated from the floating 

gates by a low tunnel barrier intergate insulator; and 

\> 

a number of bitlines coupled to the second source/drain regions along a third 

\ 

selected direction in the array of flash cells; and. 
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erasing charge from the one or more floating gates by tunneling electrons off of the one or 
more floating gates and onto the number of control gates. 



78. (Currently Amended) The method of claim ^% 77, wherein erasing charge from the one 
or more floating gates By tunneling electrons off of the floating gate and onto the number of 
control gate further includes: 

providing a negative yoltage to a substrate of one or more non-volatile memory cells; and 
providing a large positive voltage to the control gate for the one or more non- volatile 
memory cells. \ 

\ 

79. (Currently Amended) The method of claim ?6 78, wherein the method further includes 
erasing an entire row of nWvolatile memory cells by providing a negative voltage to all of the 
substrates along an entWOyv of non-volatile^ memory cells and providing a large positive 
voltage to all of the controj^ates along the entire row of non- volatile memory cells. 

80. (Currently Amended) The method of cbmi^ 78, wherein the method further includes 

erasing an entire block of non- volatile memory cells hy providing a negative voltage to all of the 

substrates along multiple rows of non-volatile memoryfeells and providing a large positive 

\ 

voltage to all of the control gates along the multiple rowsxrf non-volatile memory cells. 




